1. The relationship between erythrocyte 2,3-diphosphoglycerate (2,3-DPG) and changes in blood pH and in oxygen affinity were studied in six patients treated with two dialysis techniques: conventional haemodialysis and ultrafiltration followed by conventional haemodialysis.
Introduction
Although great advances have been made in dialysis technology since its introduction, it is generally acknowledged that haemodialysis continues to have serious drawbacks. For this reason current research is focused on new and improved dialysis techniques. Several methods have been proposed to minimize the wasting effects of haemodialysis, especially after the studies carried Correspondence: Dr G. Severini, Laboratorio di Tecnologie Biomediche, Istituto Superiore di Sanita, Rome, Italy. out by Babb & Scribner (1971) concerning the middle-molecules hypothesis.
The purpose of the present study is to compare the effects of two dialysis techniques on blood oxygen transport: conventional haemodialysis and ultrafiltration followed by conventional haemodialysis, by simultaneous measurement of 2,3-DPGY blood pH and partial pressure (expressed in mmHg) at which the haemoglobin in erythrocytes is 50% saturated with oxygen.
Materials and methods
Six patients (males and females), aged between 16 and 60 years, with chronic renal disease and maintained on twice-weekly haemodialysis for at least 4 months were investigated during six dialyses and ultrafiltration followed by conventional haemodialysis, on a Cordis C-DAK hollow fibre artificial kidney machine. Four millilitres of blood were taken immediately before, after 2 h and at the end (after about 6 h) of treatment.
Ultrafiltration followed by conventional haemodialysis was achieved by submitting the patient during the first 2 h to ultrafiltration, on a Cordis C-DAK artificial kidney machine and then to 4 h successive conventional haemodialysis on the same machine.
Samples of heparinized blood were maintained at 4OC. 2,3-DPG was assayed immediately by the U.V. test of Biochemica, according to the method of Ericson h De Verdies (1972) . The oxygen dissociation curve and partial pressure at which haemoglobin in erythrocytes is 50% saturated with oxygen were measured by an automated method (Hem-0-Scan) at 37OC within 2 h of taking the blood. Blood pH was measured with a pH-meter (Radiometer, Copenhagen).
Results
The results of conventional haemodialysis (Table  1) are summarized as follows: from an initial value of 33 mmHg the oxygen affinity decreased until normal values were reached (27-29 mmHg). In all cases observed the initial high value of erythrocyte 2,3-DPG decreased until it reached the normal range, and the pH rose from 7-38 to 7.47. With ultrafiltration followed by conventional haemodialysis (Table l) , the pH and 2,3-DPG values after 2 h of ultrafiltration (before haemodialysis) were similar to those at the start. The subsequent haemodialysis produced only a slight reduction in 2,3-DPG and oxygen affinity, and pH rose to 7.43.
Discussion
The higher value of oxygen affinity observed in conventional haemodialysis before treatment, which is mainly caused by an increased 2,3-DPG concentration in erythrocytes and by metabolic acidosis (Rorth, 1970; Raich, Rodriguez, Desai & Shahidi, 1973) , is considered as possible adaptation to chronic anaemia of the patients (Torrance & Jacobs, 1970; Bellingham, Detter & Lenfant, 197 1) . The decreased erythrocyte 2,3-DPG concentration and increased pH after dialysis seems to be a consequence of effects of the extracorporeal circulation on the erythrocytes. The increase in pH, which was found in all patients after haemodialysis, increases oxygen affinity by the Bohr effect, and at the same time it stimulates intra-erythrocytic glycolysis, as demonstrated by a further increase in concentration of 2,3-DPG. The normal values of oxygen affinity, observed at the end of treatment, suggest that 2,3-DPG concentration has no time to compensate for the Bohr effect produced by a rapid change in pH. With ultrafiltration followed by conventional haemodialysis, we observed that 2,3-DPG and oxygen affinity did not return to the normal values; therefore the metabolic adaptation of patients to chronic anaemia is also maintained after treatment. This is not completely explained by reduction of the dialysis period and probably some other factors, such as inorganic phosphate, ATP or an acid-base balance, could play a significant role in this process.
Ultrafiltration followed by conventional haemodialysis therefore seems to produce potentially less adverse effects on tissue oxygenation and some post-dialysis symptoms (muscular cramps, headache, weakness etc.), probably due to tissue hypoxia, may be reduced.
